Introduction {#s0005}
============

Nasopharyngeal carcinoma (NPC) is a malignant neoplasm with high radiosensitivity, which has unique mode of geographic and epidemiologic distributions. Because of the special anatomical location of the tumor, radiotherapy (RT) plays an essential role in the treatment of non-metastatic NPC. Approximately 70% of newly diagnosed nasopharyngeal carcinoma cases are classified as locoregionally advanced disease. The approach combining chemotherapy with radiotherapy is the cornerstone of the management in patients with locoregionally advanced NPC. Concurrent chemoradiotherapy (CCRT) with or without adjuvant chemotherapy has been deemed the standard treatment for locally advanced NPC for years \[[@bb0005]\]. In the recent update of the MAC-NPC meta-analysis, the value of the CCRT on survival benefits was confirmed in locoregionally advanced NPC patients \[[@bb0010]\]. However, the tolerance of concurrent chemotherapy was unsatisfied due to the high incidence of acute toxicity. A meta-analysis conducted by Du and his colleagues found that the incidences of severe late toxicities were higher in NPC patients who received CCRT \[[@bb0015]\]. In recent years, with the development of radiation technology which achieves high-dose coverage of target volume, distant metastasis has substituted the local and regional recurrence for the main failure pattern in locoregionally advanced NPC \[[@bb0020], [@bb0025], [@bb0030]\]. CCRT may not be adequate for patients at high risk of distant failure in the intensity-modulated radiotherapy (IMRT) era. Hence, more potent systemic therapy needs to be investigated with the goal of reducing distant metastasis.

The addition of induction chemotherapy (IC) or adjuvant chemotherapy (AC) to radiotherapy might reduce distant metastasis in patients with high-risk of metastasis. A meta-analysis by OuYang et al. found that IC significantly improved distant control and obtained an absolute overall survival(OS) benefit of 5.13% at 3 years \[[@bb0035]\]. Recently, IC has been often used in clinical practice for locoregionally advanced NPC, especially in endemic areas with plenty of patients waiting for RT. Liu et al. reported long-term outcomes of a consecutive cohort of 256 NPC patients receiving either IC-RT or CCRT. The results showed that compared with CCRT, IC-RT obtained similar long-term survivals but significantly reduced severe acute toxicities (grade 3-4) \[[@bb0040]\]. Sequential chemotherapy combined with RT might be an attractive alternative option in NPC. Until the appearance of some new drugs such as the taxanes and gemcitabine, the regimen combining cisplatin with fluorouracil (PF) has been generally considered as the standard protocol for IC/AC and extensively applied to locoregionally advanced NPC. Gemcitabine is a novel drug with impressive anticancer activities. The results of some studies indicate that gemcitabine is an effective drug for the treatment of NPC when used prior to definitive radiotherapy \[[@bb0045],[@bb0050]\]. To compare the efficacy and toxicity of the chemotherapy regimens of PF with gemcitabine and cisplatin (GP) sequentially combined with IMRT in locoregionally NPC, we retrospectively analyzed the outcomes of patients who received these two different regimens in our institution.

Methods {#s0010}
=======

Patients {#s0015}
--------

The current retrospective study reviewed the patients with pathologically confirmed non-metastatic NPC treated definitively with IMRT from June 2005 to December 2014. All patients were staged according to the 7th Edition of American Joint Committee on Cancer (AJCC) staging system. Initial evaluations included clinical examination, blood biochemical index, nasopharyngoscopy, enhanced magnetic resonance imaging (MRI) of the nasopharynx and neck. For the exclusion of metastasis, chest X-ray/computed tomography (CT), abdominal ultrasound/CT and bone emission computed tomography (ECT) were performed. Other tests were required if clinically indicated. Dental extraction was performed before radiotherapy when necessary. Approval for this study was acquired from the Institutional Review Board. Prior to treatment, informed written consent was obtained from each patient.

Radiotherapy {#s0020}
------------

Radiotherapy techniques have been previously described \[[@bb0055]\]. According to T classification, the prescription dose to primary tumor was distinct (T1-2: 66 Gy/30 fractions, T3-4: 70.4 Gy/32 fractions). The total dose to metastatic lymph node was 66Gy in 30 to 32 fractions. PTV60 which defined as the high-risk clinical target volume (CTV) plus a 0.5 cm margin was prescribed 60 Gy/30 to 32 fractions. PTV54 was prescribed 54 Gy/30 to 32 fractions for the low-risk CTV plus a 0.5 cm margin. All patients received irradiation 5 days per week, one fraction daily.

Chemotherapy {#s0025}
------------

In this study all patients received sequential chemotherapy combined with IMRT. In the PF group, patients received 2 cycles of induction chemotherapy: cisplatin 25 mg/m^2^ days 1 to 3, and 5-Fu 2500 mg/m^2^ as an intravenous infusion over 120 hours, every 21 days. Four weeks after the completion of IMRT, two courses of AC with the preceding regimen were administered every 3 weeks. In the GP group, patients were also treated with two courses of IC and AC, respectively: gemcitabine (1000 mg/m^2^) administered intravenously for 30 minutes on days 1 and 8, and cisplatin (25 mg/m^2^) infusion on days 1 to 3, repeated every 3 weeks.

Chemotherapy was postponed if the hematologic parameters of patients were disqualified. Furthermore, the dose of the next cycles would be reduced by 20% in case of grade 4 hematological toxicity. Blood routine and blood biochemical parameters were examined before each chemotherapy cycle.

Follow-Up {#s0030}
---------

Patients were assessed weekly during radiotherapy. After completion of treatment, participants were followed up every 3 months in the first 2 years, every 6 months for 3 to 5 years and annually after 5 years. Physical examination, nasopharyngoscopy and imaging assessments were detailed in our previous study \[[@bb0060]\]. Late radiotherapy-related toxicities were graded according to the Radiation Therapy Oncology Group (RTOG)/European Organization for Research on Treatment of Cancer (EORTC) late radiation morbidity scoring schema.

Statistics {#s0035}
----------

Chi-square test or Fisher exact test for categorical variables were performed in the baseline comparison, and Student\'s *t* test for continuous variables. The local control, regional control, distant metastasis-free survival (DMFS) and overall survival (OS) rates were estimated by Kaplan-Meier method. The times to local or regional recurrence and distant metastases were calculated between the start of treatment and the dates of local or regional relapse and distant failure, respectively. Survival differences between groups were calculated with log-rank tests. Univariate analysis (UVA) was performed using a Cox proportional hazards model. Factors with a *P* value \<.25 in UVA were included in a multivariate Cox model. Statistical analyses were performed with SPSS software, version 20 (IBM, Armonk, NY, USA). A two-sided *P* \< .05 was considered statistically significant.

Results {#s0040}
=======

Patients {#s0045}
--------

Between June 2005 and December 2014, a total of 235 consecutive patients with newly diagnosed locoregionally advanced NPC treated definitively with IMRT were analyzed. The baseline clinical and demographic characteristics of patients are listed in [Table 1](#t0005){ref-type="table"}. More male patients were in GP group (*P* = .038) and patients receiving PF chemotherapy had worse performance status (*P* \< .001).Table 1Patient characteristicsTable 1CharacteristicsPF group (n = 91)\
n (%)GP group (n = 144)\
n (%)*P*Age (Years)Median52.448.8.019Gender.038 Male61 (67)114 (79.2) Female30 (33)30 (20.8)KP score\<.001 7019 (20.9)7 (4.9) 8050 (54.9)65 (45.1) 9022 (24.2)72 (50)T stage.082 T13 (3.3)18 (12.5) T234 (37.4)49 (34) T330 (33)49 (34) T424 (26.4)28 (19.5)N stage.173 N05 (5.5)14 (9.7) N138 (41.8)41 (28.5) N231 (34.1)59 (41.0) N317 (18.7)30 (20.8)Overall stage.515 II[⁎](#tf0005){ref-type="table-fn"}16 (17.6)22 (15.3) III36 (39.6)68 (47.2) IV39 (42.9)54 (37.5)[^1]

Treatment Compliance {#s0050}
--------------------

In the PF group (n = 91), 87 (95.6%) patients completed two cycles of induction chemotherapy. The reasons for the remaining four patients completing only one course were liver function damage (n = 2), severe myelosuppression (n = 1) and pneumonia (n = 1). In the GP group (n = 144), 141(97.9%) patients completed two cycles of IC, and 3 patients discontinued this regime after one cycle, two because of skin reaction (grade 3) and one because of liver function damage (grade 2). All the patients completed radical radiotherapy. Sixty-eight (74.7%) patients in the PF group and 132 (91.7%) patients in the GP group received adjuvant chemotherapy after IMRT. For both groups, the most common reasons of patients not administered adjuvant chemotherapy were myelosuppression and patients\' refusal.

Treatment Failures and Survivals {#s0055}
--------------------------------

For the whole population, the median follow-up time was 61 (range, 8-123) months. Median follow-up times for PF and GP groups were 45 (range, 10-123) months and 67 (range, 8-117) months, respectively. The failure patterns of treatment for the PF and GP groups were shown in [Table 2](#t0010){ref-type="table"}. Comparing the two groups, no significant differences were found for the incidences of regional recurrence (*P* = .450) and distant metastases (*P* = .579). However, more patients developed local recurrence in the PF group (14.3% vs. 6.3%, *P* = .039).Table 2Treatment failure patterns of NPC patients in the PF group and GP groupTable 2Failure patternPF group (n = 91)\
n (%)GP group (n = 144)\
n (%)*P*Local recurrence.039 Yes13 (14.3%)9 (6.3%) No78 (85.7%)135 (93.8%)Regional recurrence.450 Yes11 (12.1%)13 (9%) No80 (87.9%)131 (91%)Distant metastases.579 Yes13 (14.3%)17 (11.8%) No78 (85.7%)127 (88.2%)

At the latest follow-up, 39 patients died (PF: n = 16; GP: n = 23) and 168 patients (PF: n = 63; GP: n = 105) were alive and disease free. The 5-year OS, local control, regional control and DMFS rates for all patients were 81.3%, 91.7%, 90.5% and 87.0%, respectively. The 5-year local control rates were significantly different between PF and GP groups (84.1% vs. 96.3%, *P* = .010). Meanwhile, the 5-year regional control, DMFS and OS rates were not significantly different between PF and GP groups (regional control rates, 86.9% vs. 92.7%, *P* = .273; DMFS rates, 81.3% vs. 89.2%, *P* = .351; OS, 74.4% vs. 84.2%, *P* = .208) ([Figure 1](#f0005){ref-type="fig"}).Figure 1Kaplan-Meier estimates of survival curves for the two treatment arms. a: local control, b: regional control, c: distant metastasis-free survival, d: overall survival comparing patients treated by GP or PF chemotherapy.Figure 1

Prognostic Factors {#s0060}
------------------

The parameters included in the multivariate analysis (MVA) were gender (female vs. male), age (≤50 years vs. \>50 years), T classification (T4 vs. T1-3), N classification (N2-3 vs. N0-N1) and chemotherapy regimen (GP vs. PF). OS was independently correlated with gender, T classification and N classification. Regional control rates and DMFS rates were correlated with N classification only. T classification and chemotherapy regimen independently correlated with local control rates (HR = 3.599, 95%CI, 1.540-8.411, *P* = .003 and HR = 0.628, 95%CI, 0.406-0.972, *P* = .037, respectively) ([Table 3](#t0015){ref-type="table"}). Further subgroup analysis indicated that stage III and relatively early T stage (T1-3) patients who received GP chemotherapy obtained significantly higher local control rates (*P* = .017 for stage III; *P* = .013 for T1-3, respectively). There was a tendency of enhancement for the local control rates in stage IV patients receiving GP chemotherapy regimen (89.6% vs. 78.3%, *P* = .099) ([Figure 2](#f0010){ref-type="fig"}).Table 3Multivariate analysis of potential prognostic factors for OS, local control, regional control and DMFS ratesTable 3FactorsHR(95%CI)*P*OSAge: \>50y vs ≤50y3.297(1.612-6.745).001T classification: T4 vs T1-32.733(1.438-5.194).002N classification: N2-3 vs N0-N14.089(1.850-9.039).001Chemotherapy regimen: GP vs PF0.893(0.644-1.239).498Local controlAge: \>50y vs ≤50y1.824(0.722-4.607).204T classification: T4 vs T1-33.599(1.540-8.411).003Chemotherapy regimen: GP vs PF0.628(0.406-0.972).037Regional controlAge: \>50y vs ≤50y2.201(0.952-5.089).065N classification: N2-3 vs N0-N14.313(1.462-12.719).008DMFSSex: female vs male0.454(0.157-1.310).144Age: \>50y vs ≤50y1.756(0.834-3.698).138N classification: N2-3 vs N0-N14.326(1.644-11.385).003[^2]Figure 2Kaplan-Meier curves of local control according to treatment groups in different sub-groups. a: T1-3, b: T4, c: stage III, d: stage IV.Figure 2

Late Toxicities {#s0065}
---------------

The late RT toxicities were recorded in accordance with the RTOG late radiation morbidity scoring method. The type and frequency of late toxicities were summarized in [Table 4](#t0020){ref-type="table"}. Overall, xerostomia and hearing impairment were the most common late toxicities in both groups. No significant differences of late toxicities were observed between the two groups. The incidences of severe late adverse effects were relatively low, which mainly included cranial nerve palsy (PF: 1 case; GP: 4 cases), trismus (PF: 2 case; GP: 5 cases) and grade 3 hearing impairment (PF: 1 case; GP: 3 cases).Table 4Late toxicitiesTable 4ToxicitiesPF group (n = 91)GP group (n = 144)*P*n (%)n (%)Neck fibrosis27 (29.7%)47 (32.6%).633Xerostomia50 (54.9%)88 (61.1%).350Trismus2 (2.2%)5 (3.5%).710Dysphagia0 (0%)0 (0%)N/AHearing impairment40 (44.0%)66 (45.8%).778Temporal necrosis0 (0%)0 (0%)N/ACranial nerve palsy1 (1.1%)4 (2.8%).651

Discussion {#s0070}
==========

In this study, we retrospectively compared two sequential chemotherapy regimens (PF vs. GP) combined with IMRT in locoregionally advanced NPC. With a median follow-up of 61 months, the 5-year regional control, DMFS and OS rates for the whole cohort were 90.5%, 87.0% and 81.3%, respectively. The results showed no statistical differences between the regional control, DMFS, and OS rates of these two treatment groups. For all patients, the 5-year local control rate was 91.7%. Moreover, significant improvement in favor of GP regimen was found for local control (96.3% vs. 84.1%, *P* = .010). Further subgroup analysis demonstrated that GP combined with IMRT exhibited a lower local failure rate in the subgroups of patients with T1-3 classification or stage III diseases (*P* = .013 and *P* = .017, respectively).

In the MVA for OS, advanced T classification, N classification and elder age were independently correlated with decreased OS. Similarly, Wu et al. retrospectively reported the 10-year survival outcomes for 614 consecutive NPC patients who treated with IMRT. In their multivariate analysis, the risk factors for poor OS were advanced T classification, N classification and elder age as well \[[@bb0030]\].

Due to the chemo-sensitive characteristic of NPC, chemotherapy occupies a crucial position in the definitive treatment of advanced NPC. For decades, the platinum-based doublet chemotherapy (PF) served as the most commonly used regimen for locoregionally advanced NPC. In a prospective multicenter study, 316 NPC patients confirmed by pathology were randomly assigned to two groups. One group underwent radiotherapy alone and the other received concurrent chemoradiotherapy followed by adjuvant PF chemotherapy. The results demonstrated survival benefits in patients who received the regimen of concurrent chemotherapy plus adjuvant PF \[[@bb0065]\]. However, the majority of previous studies were based on two-dimensional radiotherapy. With the optimization of dosage, the advanced radiotherapy technique IMRT has been widely used. Excellent local-regional control for NPC was achieved with this progressive technique, while unsatisfactory distant control ultimately succumbed to the disease \[[@bb0070],[@bb0075]\]. Since the distant metastasis was not decreased obviously in the IMRT era, more attention has been focused on the exploration of systemic therapies dealing with distant metastasis.

Over the years, the application of some novel drugs in NPC such as docetaxel and gemcitabine has sparked strong interest. Gemcitabine is a nucleoside analog, which works by inhibiting DNA synthesis. The synergistic effects of gemcitabine and cisplatin observed in vitro have laid the foundation for its subsequent clinical application \[[@bb0080]\]. Several researches demonstrated that encouraging efficacy results have been obtained with tolerable toxicity profiles while using regimens containing gemcitabine in metastatic and recurrent NPC patients \[[@bb0085],[@bb0090]\]. Zhang et al. conducted the first randomized multicenter trial comparing the therapeutic and side effects of GP versus PF in recurrent or metastatic NPC. They reported that patients receiving GP chemotherapy achieved a significant prolongation of median progression-free survival compared with those in the PF group (7.0 months vs. 5.6 months, *P* \< .0001) \[[@bb0090]\]. Due to its superior effectiveness, GP regimen has been changed from a category 2A to a category 1 recommendation for recurrent or metastatic NPC in the updated National Comprehensive Cancer Network (NCCN) guidelines. Regarding the costs and survival outcomes, Chen et al. conducted a Markov model to compare the cost-effectiveness of two cisplatin-based chemotherapy regimens (GP and PF) and found GP regimen was a superior alternative for recurrent or metastatic NPC patients \[[@bb0095]\]. Moreover, recent studies have also shown that gemcitabine-containing regimens are effective in patients with locoregionally advanced NPC, with tolerable toxicity profiles \[[@bb0100], [@bb0105], [@bb0110]\]. A retrospective study from Fujian Provincial Cancer Hospital analyzed 604 patients with locoregionally advanced NPC. The results demonstrated that patients receiving GP had significantly higher OS compared with PF (*P* = .038) and had a trend toward improved DMFS (*P* = .109). Patients receiving TP regimen (taxol + cisplatin) only had improved DMFS (P = .038). GP regimen may be more effective than TP/PF regimen for treating locoregionally advanced NPC \[[@bb0115]\]. In our study, GP group achieved a significantly higher 5-year local control rates compared with PF group (96.3% vs. 84.1%, *P* = .010). Several randomized trials are also evaluating the treatment benefits of utilizing GP regimen combined with IMRT in locoregionally advanced NPC (e.g. [NCT01854203](NCT01854203){#ir0005} and [NCT03366415](NCT03366415){#ir0010}), and the value of such strategies is expected to be confirmed.

While the therapeutic outcome of NPC patients have significantly improved with the development of radiotherapy technology (e.g. IMRT) and broader incorporation of chemotherapy with RT \[[@bb0120], [@bb0125], [@bb0130]\], more and more attention was paid to treatment-related late toxicities \[[@bb0135],[@bb0140]\]. Compared with 2D or 3DRT, IMRT was related to less severe physician-assessed late toxicities and improved patient-reported quality of life \[[@bb0145]\]. In a retrospective study of 3328 patients with NPC from 6 individual oncology centers in Hong Kong, a small number of patients had late adverse reactions as follows: hearing loss requiring hearing aids (7.1%), cranial nerve palsies (5.1%), dysphagia requiring tube feeding for a long period (3%), and symptomatic temporal lobe necrosis (0.9%) \[[@bb0070]\]. A recent published meta-analysis aimed to evaluate the efficacy and side effects of two chemotherapy regimens (GP vs. PF) indicated that the GP chemotherapy was superior to the PF chemotherapy, in terms of 1-year and 3-year survival rates. On the other hand, there was no significant difference in adverse reactions between the two regimens \[[@bb0150]\]. In our cohort, no treatment-related deaths were observed. The late toxicities were all mild in both groups, among which xerostomia and hearing impairment occurred most frequently. No significant differences in late toxicities were observed between these two regimen groups.

Conclusion {#s0075}
==========

In conclusion, compared with the PF regimen, the GP regimen combined with IMRT provided satisfactory survival benefits for locoregionally advanced NPC, especially excellent local control rates. With long-term follow-up, there were no differences in late adverse toxicities between the two groups. The results of ongoing randomized trials concerning GP chemotherapy for locoregionally advanced NPC are being awaited.
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[^1]: Stage II with lymph node measured 4 cm or more in diameter.

[^2]: HR: hazard ratio; CI: confidence interval.
